Ca2+ release through ryanodine receptors regulates skeletal muscle L-type Ca2+ channel expression.
Skeletal muscle obtained from mice that lack the type 1 ryanodine receptor (RyR-1), termed dyspedic mice, exhibit a 2-fold reduction in the number of dihydropyridine binding sites (DHPRs) compared with skeletal muscle obtained from wild-type mice (Buck, E. D., Nguyen, H. T., Pessah, I. N., and Allen, P. D. (1997) J. Biol. Chem. 272, 7360-7367 and Fleig, A., Takeshima, H., and Penner, R. (1996) J. Physiol. (Lond.) 496, 339-345). To probe the role of RyR-1 in influencing L-type Ca(2+) channel (L-channel) expression, we have monitored functional L-channel expression in the sarcolemma using the whole-cell patch clamp technique in normal, dyspedic, and RyR-1-expressing dyspedic myotubes. Our results indicate that dyspedic myotubes exhibit a 45% reduction in maximum immobilization-resistant charge movement (Q(max)) and a 90% reduction in peak Ca(2+) current density. Calcium current density was significantly increased in dyspedic myotubes 3 days after injection of cDNA encoding either wild-type RyR-1 or E4032A, a mutant RyR-1 that is unable to restore robust voltage-activated release of Ca(2+) from the sarcoplasmic reticulum (SR) following expression in dyspedic myotubes (O'Brien, J. J., Allen, P. D., Beam, K., and Chen, S. R. W. (1999) Biophys. J. 76, A302 (abstr.)). The increase in L-current density 3 days after expression of either RyR-1 or E4032A occurred in the absence of a change in Q(max). However, Q(max) was increased 85% 6 days after injection of dyspedic myotubes with cDNA encoding the wild-type RyR-1 but not E4032A. Because normal and dyspedic myotubes exhibited a similar density of T-type Ca(2+) current (T-current), the presence of RyR-1 does not appear to cause a general overall increase in protein synthesis. Thus, long-term expression of L-channels in skeletal myotubes is promoted by Ca(2+) released through RyRs occurring either spontaneously or during excitation-contraction coupling.